We have previously demonstrated that collagen from jellyfish simulated immunoglobulin and cytokine production by human-human hybridoma line HB4C5 cells and by human peripheral blood lymphocytes (hPBL). The mode of action of the collagen as an immunostimulatory factor was investigated. The expression levels of immunoglobulin mRNAs in HB4C5 cells, and those of tumor necrosis factor (TNF)-, interferon (IFN)-, and transforming growth factor (TGF)-in hPBL were upregulated by jellyfish collagen. In addition, this collagen activated IgM production by transcription-suppressed HB4C5 cells that had been treated with actinomycin D. This collagen also enhanced IgM production by translation-suppressed HB4C5 cells that had been treated with sodium fluoride, but was ineffective in accelerating IgM production by HB4C5 cells treated with cycloheximide. Moreover, the intracellular IgM level in HB4C5 cells treated with the post-translation inhibitor, monensin, was increased by this collagen. These results suggest that collagen from jellyfish stimulated not only the transcription activity, but also the translation activity for enhanced immunoglobulin and cytokine production.
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We have previously screened the factors that enhanced immunoglobulin (Ig) production by human hybridomas to accomplish effective production of monoclonal antibodies in a serum-free medium. This screening enabled several substances to be identified as Ig production stimulating factors (IPSFs); for example, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), enolase and lysozyme exhibited Ig production stimulating activity toward several hybridoma lines and human peripheral blood lymphocytes (hPBL). [1] [2] [3] [4] The IPSF activities of these enzymes were irrelevant to their enzymatic activities.
We have focused in a previous study on the biological activity of an extract of the edible jellyfish, Nemopilema nomurai, because no studies had been conducted on the jellyfish as a source of substances possessing biological functions.
5) The jellyfish is any planktonic marine member of a group of invertebrate animals composed of about 200 described species of the class Scyphozoa (phylum Cnidaria) or of the class Cubozoa. Jellyfish constitute a very important foodstuff in Asia, particularly China and Japan. Only jellyfish belonging to the order Rhizostomeae are harvested for food. The rhizostomes are favored because they are typically larger and have more rigid bodies than those belonging to other scyphozoan orders. Edible jellyfish comprise five to seven species, including Lobonema smithi, Lobonemoides gracilis, Rhopilema esculentum, Stomolophus meleagris and Nemopilema nomurai. Regardless of their size or shape, most jellyfish are very fragile and contain more than 95% of water, with more than 40% of the dry weight of the edible jellyfish being collagen. 6) Jellyfish collagen enhanced not only the IgM production of cells of the human hybridoma cell line, HB4C5 cells, but also the IgM and IgG production of hPBL. 5) This result demonstrates that jellyfish collagen stimulated the Ig production of not only specific hybridoma lines, but also of non-specific Ig producers. In addition, this collagen stimulated tumor necrosis factor (TNF)-y To whom correspondence should be addressed. Tel/Fax: +81-89-946-9863; E-mail: mars95@agr.ehime-u.ac.jp Abbreviations: Act D, actinomycin D; BSA, bovine serum albumin; ELISA, enzyme-linked immunosorbent assay; FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Ig, immunoglobulin; IPSF, immunoglobulin production stimulating factor; LPS, lipopolysaccharide; NaPB, sodium phosphate buffer; PBL, peripheral blood lymphocytes and interferon (IFN)-production by hPBL. Collagens from bovine Achilles' tendon also possess this immunostimulatory effect. 5) These results suggest that collagen facilitates the immune response, and that collagens exert this effect irrespective of their origin. Moreover, the stimulatory effect of a jellyfish collagen solution on hybridoma HB4C5 cells was inactivated by a collagenase treatment. These findings strongly suggest that the active substance in the jellyfish extract was collagen.
Collagen is one of the most well-characterized proteins; however, there are few reports about the immunostimulatory activity of collagen or gelatin. On the other hand, it is well-known that TNF-is associated with collagen-induced arthritis and rheumatism. 7, 8) It is probable that the cause of these diseases is associated with the immunostimulatory activity of collagen. The immunological functions of collagen should be considered when collagen is used for studies on autoimmune and inflammatory responses.
We elucidate in this report the putative mode of action of collagen as an immunostimulatory factor.
Materials and Methods
Reagents. Collagen from bovine Achilles' tendon was purchased from Nacalai Tesque (Kyoto, Japan), its purity being more than 90%. Lipopolysaccharide (LPS) from Escherichia coli and actinomycin D (Act D) were purchased from Sigma (St. Louis, MO, USA). Sodium fluoride (NaF), cycloheximide, and monensin were purchased from Wako Pure Chemicals (Osaka, Japan). Act D and monensin were dissolved in ethanol, and cycloheximide and NaF were dissolved in water.
Preparation of the jellyfish extract. Five grams of the exumbrella part of the jellyfish Nemopilema nomurai was cut into small pieces and extracted with 50 ml of diluted hydrochloric acid (pH 3.0) for 12 h, and then heated at 121 C for 20 min. The insoluble substances were removed by centrifugation at 8;000 Â g for 20 min, and the acid-soluble substances were collected. Jellyfish edible tissue was denatured and rendered soluble by an acid and heat treatment. The supernatant was collected and dialyzed against a 10 mM sodium phosphate buffer (NaPB; pH 7.4). The solution was concentrated by ultrafiltration through a 100-kDa membrane and sterilized by filtration. When the jellyfish collagen solution had been ultrafiltered by using the 100-kDa cut-off membrane, the filtrate (MW < 100 kDa) had no immunostimulation activity, and the active substances were collected in the concentrate.
Collagen from Achilles' tendon was suspended in diluted hydrochloric acid (pH 3.0) for 12 h, and heated at 121 C for 20 min to dissolve it. The Achilles' tendon collagen solution was dialyzed against a 10 mM sodium phosphate buffer (NaPB; pH 7.4) and then sterilized by filtration.
Cells and cell culture. Human-human hybridoma HB4C5 cells producing monoclonal IgM were used for the assay of Ig production-stimulating activity. The HB4C5 cell line was the fusion product of human B lymphocytes from a lung cancer patient and human fusion partner NAT-30 cells.
9) The HB4C5 cells were cultured in an ERDF medium (Kyokuto Pharmaceutical, Tokyo, Japan) supplemented with 10 mg/ml of insulin (Sigma), 20 mg/ml of transferrin (Sigma), 20 mM ethanolamine (Sigma), and 25 nM selenite (Sigma) (ITES-ERDF) at 37 C under humidified 5% CO 2 -95% air. 10) Human PBL (hPBL) was obtained from the peripheral blood of a healthy male donor, as mentioned in a previous report. 5) Briefly, peripheral blood diluted with an equal volume of phosphate-buffered saline (PBS) was centrifuged at room temperature for 30 min on a lymphocyte separation medium (Nycomed Pharma, Oslo, Norway). After washing three times with the ERDF medium, hPBL was pre-cultured for 1 d in the ERDF medium supplemented with 10% of fetal bovine serum to remove such adhesion-dependent cells as monocytes and fibroblasts. After a preculture, hPBL was inoculated into an ITES-ERDF medium containing 10.0 mg/ml of LPS to determine the immunostimulatory activity of collagen toward hPBL.
Assay of the Ig production-stimulating activity of collagen. The Ig production-stimulating activity of jellyfish collagen was examined by measuring the amount of IgM secreted by HB4C5 cells into the culture medium. HB4C5 cells were inoculated into an ITES-ERDF medium supplemented with collagen. The assay of the Ig production-stimulating activity was performed in a 96-well culture plate, and HB4C5 cells were inoculated at a density of 5 Â 10 4 cells/ml. After cultivating in a CO 2 incubator at 37 C, the amount of IgM secreted into each culture medium was determined by an enzyme-linked immunosorbent assay (ELISA) performed by using an anti-human IgM antibody (Biosource International) as mentioned in a previous report. 5) Briefly, 1.0 mg/ml of a goat anti-human IgM antibody (Cappel, NC, USA) was added to a 96-well plate at 100 ml/well, and incubated for 2 h at 37 C. After washing three times with 0.05% Tween20-PBS (T-PBS), each well was blocked with 1.0% bovine serum albumin (BSA)-PBS solution for 2 h at 37 C. Following the blocking reaction, each well was treated with 50 ml of the culture supernatant for 1 h at 37 C. Then, 100 ml/well of the horseradish peroxidase (HRP)-conjugated anti-human IgM antibody (Biosource International, Camarillo, CA, USA) that had been diluted 1000 times by 1.0% BSA-PBS was added, and the mixture incubated for 1 h at 37 C. Following this, 0.6 mg/ml of 2,2 0 -azino-bis(ethylbenzothazoline-6-sulfonic acid diammonium salt) (ABTS) dissolved in a 0.03% H 2 O 2 -0.05 M citrate buffer (pH 4.0) was added to the wells at 100 ml/well, and the absorbance at 415 nm was measured after adding 100 ml/well of 1.5% oxalic acid to terminate the coloring reaction. The IgM concentration was quantitatively determined by a standard curve, using a human IgM standard solution. The IgM production assay was conducted three times.
Reveres transcription-polymerase chain reaction (RT-PCR) analysis. HB4C5 cells and hPBL were cultured in an ITES-ERDF medium containing 100 mg/ml of the jellyfish collagen extract for 6 h, harvested by centrifugation and washed twice with PBS. Our previous data suggested that jellyfish collagen at 100 mg/ml would be enough to stimulate the IgM production of HB4C5 cells. 5) Total RNA was isolated by using Sepasol-RNA I super (Nacalai Tesque, Kyoto, Japan) according to the manufacturer's instructions. One microgram of total RNA was used as a template for the cDNA synthesis reaction which was performed by using RevertTra Ace reverse transcriptase and an oligo-dT20 primer (Toyobo, Osaka, Japan). The PCR reaction was performed by using KOD Dash DNA polymerase (Toyobo, Osaka, Japan). The resulting cDNA sample was subjected to 30 cycles of PCR amplification performed under the following conditions: denaturation at 98 C for 10 sec, annealing at 60 C for 2 sec, and DNA synthesis at 74 C for 30 sec, according to the manufacturer's recommendation. Human GAPDH cDNA was amplified as an internal control. The PCR primer sequences were as follows: for human GAPDH sense, 12) The amplified PCR products were subjected to electrophoresis on 1.5% agarose gel, and stained with SYBR Gold (Molecular Probes, Eugene, OR, USA).
Inhibition of intracellular protein synthesis. The transcription activity of HB4C5 cells was suppressed by Act D, an RNA synthesis inhibitor. 13) HB4C5 cells were treated with 4.0 mg/ml of Act D for 2 h in a CO 2 incubator at 37 C. Following this Act D treatment, the cells were washed twice with the ERDF medium, inoculated into an ITES-ERDF medium with or without 100 mg/ml of the jellyfish collagen extract, and then cultured for 12 h to determine the IPSF activity of the collagen toward the transcription-suppressed HB4C5 cells.
Sodium fluoride (NaF) inhibits protein synthesis at the initiation of translation.
14) HB4C5 cells were precultured in an ITES-ERDF medium supplemented with 4.0 mM NaF for 6 h. After this pre-cultivation, the cells were washed twice with the ERDF medium and inoculated into an ITES-ERDF medium with or without 4.0 mM NaF and with or without 100 mg/ml of the jellyfish collagen extract, before being cultured for 12 h. In addition, cycloheximide, a reversible inhibitor of peptide chain elongation on ribosomes, was employed. 15) HB4C5 cells were pre-cultured in an ITES-ERDF medium supplemented with 10.0 mg/ml of cycloheximide for 12 h. After this pre-cultivation, the cells were washed twice with the ERDF medium and inoculated into an ITES-ERDF medium with or without 10.0 mg/ml of cycloheximide and with or without 100 mg/ml of the jellyfish collagen, before being cultured for 12 h. Monensin was employed to suppress the post-translational process. Monensin is an inhibitor of intracellular protein transport. The incubation of cells in a culture containing monensin leads to the blockage of protein transport to the Golgi complex and to an accumulation of proteins in the endoplasmic reticulum.
16) HB4C5 cells were pre-cultured for 6 h in an ITES-ERDF medium supplemented with 10.0 mM monensin. After this precultivation, the cells were washed twice with the ERDF medium and inoculated into an ITES-ERDF medium with or without 10.0 mM monensin and with or without 100 mg/ml of the jellyfish collagen, before being cultured for 12 h.
The IgM production level of the control HB4C5 cells depended on the inhibitor used for inhibiting protein synthesis in HB4C5 cells, because HB4C5 cells had been pre-cultured in a medium supplemented with each inhibitor.
Fluorescence confocal microscopic analysis of intracellular IgM. HB4C5 cells were cultured for 6 h at a density of 1 Â 10 6 cells/ml in an ITES-ERDF medium supplemented with or without 100 mg/ml of the jellyfish collagen extract and 10.0 mM monensin. After cultivation, these cells were fixed with 4% paraformaldehyde-PBS and incubated in 0.5% saponin. After washing twice with PBS containing 0.5% saponin and 0.5% BSA, the cells were treated for 30 min with the fluorescein isothiocyanate (FITC)-conjugated anti-human IgM antibody (Biosource International, Camarillo, CA, USA) in 1% BSA-PBS. The HB4C5 cells were then washed twice with iced PBS. The fluorescence derived from FITC was determined and visualized with a laser scanning confocal microscope, using an argon ion laser coupled to a Meridian InSIGHT plus confocal unit attached to an Olympus LMT-2 inverted research microscope with an SPlanApo Â40 objective lens.
Statistical analysis. Each result is expressed as the mean AE standard deviation (SD). Tukey's test was used to assess the statistical significance of differences. Each value of p < 0:01 Ã and p < 0:001 ÃÃ is considered to be statistically significant.
Results
Effect of the jellyfish extract on IgM production by HB4C5 cells HB4C5 cells were inoculated at a density of 5 Â 10 4 cells/ml into an ITES-ERDF medium supplemented with the jellyfish extract or with bovine Achilles' tendon collagen at a protein concentration of 25 mg/ml in the culture medium. After cultivating for 6 h, the amount of IgM in each culture medium was measured by ELISA. As shown in Table 1 , IgM production by HB4C5 cells cultured in the ITES-ERDF medium supplemented with the jellyfish extract was obviously enhanced.
Purification of the jellyfish extract
As already mentioned and reported before, 5) the active substance in the jellyfish extract was expected to be collagen. However, the purity of collagen in the jellyfish extract was unknown, while some impurities may suppress the effects of collagen. The jellyfish extract was partially purified by cation-exchange chromatography, using Mono S HR 5/5 column (GE Healthcare, England).
6) The mono S HR 5/5 column was equilibrated with 10 mM NaPB, before the jellyfish extract solution was applied to the column and non-adsorbed substances were collected. The adsorbed substances were eluted with a linear gradient of NaCl from 0 to 1 M. As indicated in Fig. 1A , the non-adsorbed fraction did not demonstrate any IgM production-stimulation activity. On the other hand, the adsorbed fraction eluted by NaCl in the concentration from 0.2 to 0.4 M stimulated the IgM production of HB5C5 cells. The specific activities of the active fractions, F1 and F2, were much higher than that of the crude extract (Fig. 1B) . An amino acid analysis revealed that the F1 and F2 fractions contained hydroxyproline, a major component of collagen (data not shown).
17) The amount of collagen in F1 estimated by its hydroxyproline content was approximately 300 mg, and the amount of protein in F1 was about 340 mg. These results suggest that the purity of collagen in F1 was as 88%. In addition, F1 and F2 were analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). As shown in Fig. 1C , the SDS-PAGE analysis revealed that the active fraction mainly contained collagen fragments whose molecular weights were between 15 and 30 kDa.
The jellyfish extract contained some impurities. However, they did not affect the immunoglobulin production of the hybridoma cells, so we used the crude collagen extract for the subsequent experiments.
Effect of collagen on the mRNA expression levels of IgM and cytokines
The effect of jellyfish collagen on transcription was examined by RT-PCR. HB4C5 cells were stimulated with 100 mg/ml of the jellyfish extract for 6 h, and the mRNA expression level of IgM was examined. It was found that the mRNA expression levels of the -chain and -chain had been up-regulated ( Fig. 2A ). An image analysis revealed that the expression was enhanced by 1.8-and 1.5-fold, respectively.
Our previous report revealed that collagen enhanced IFN-and TNF-production by human PBL.
5) Therefore, the effect of jellyfish collagen on the expression of the mRNA of these cytokines was also investigated. Human PBL was incubated for 36 h in an ITES-ERDF medium supplemented or not with 100 mg/ml of the jellyfish extract, and the mRNA expression levels of TNF-, IFN-and TGF-were examined. As shown in Fig. 2B , the mRNA expression levels of these cytokines were obviously enhanced by collagen stimulation. These results suggest that collagen up-regulated the transcription process to respectively accelerate the production of IgM and cytokines by hybridomas and hPBL.
Stimulatory effect of jellyfish collagen on transcription-suppressed HB4C5 cells
The effect of collagen on protein synthesis in HB4C5 cells was investigated. At first, the IPSF effect of collagen on transcription-suppressed HB4C5 cells was determined. HB4C5 cells were treated for 2 h with 4.0 mg/ml of Act D. Following the Act D treatment, the HB4C5 cells were inoculated into an ITES-ERDF medium supplemented with 100 mg/ml of the jellyfish extract and cultured for 12 h. As indicated in Fig. 3 , the IgM production by HB4C5 cells treated with Act D was much lower than that of the control cells. This means that the inhibitor sufficiently suppressed the transcription activity of HB4C5 cells to determine the activity toward the transcription-suppressed HB4C5 cells. IgM production by HB4C5 cells that had not been treated with Act D was enhanced by approximately 30-fold by jellyfish collagen. On the other hand, the stimulatory effect of this collagen on the Act D-treated HB4C5 cells was decreased. This result is consistent with the data shown in Fig. 2A . These results indicate that jellyfish collagen stimulated the transcription activity to enhance IgM production. Despite the IPSF effect of this collagen on the Act D-treated HB4C5 cells, it still enhanced the IgM production of transcription-suppressed HB4C5 cells by approximately 8-fold. This suggests that jellyfish collagen accelerated the post-transcription processes in the cells. The jellyfish collagen extract and bovine Achilles' tendon collagen were added to an ITES-ERDF medium at 25 mg/ml, and HB4C5 cells were cultured for 6 h at 5 Â 10 4 cells/ml. The IgM concentration in the culture medium was determined by ELISA, using human IgM as the standard as mentioned in Materials and Methods section. Each result is presented as the mean AE SD of three independent measurements. ÃÃ p < 0:001 against control.
Stimulatory effect of jellyfish collagen on translationsuppressed HB4C5 cells
The effect of jellyfish collagen on the translationsuppressed HB4C5 cells was investigated to confirm whether this collagen could stimulate post-transcriptional processes. The effect of this collagen on HB4C5 cells treated with NaF was examined. NaF is a reversible inhibitor that represses the formation of the initiation complex of ribosomes and mRNA. After preculturing with 4.0 mM NaF, HB4C5 cells were inoculated into an ITES-ERDF medium with or without the same concentration of NaF, before being incubated for 12 h with 100 mg/ml of the jellyfish extract. If this collagen acted on the transcription process at the initiation step, the activity of jellyfish collagen toward the NaF-treated HB4C5 cells would be reduced or disappear. However, IgM produced by the NaF-treated HB4C5 cells was stimulated to the same extent as that by the control cells (Fig. 4) .
Cycloheximide was employed to suppress the peptide-chain elongation activity. After preincubating HB4C5 cells with 10.0 mg/ml of cycloheximide, the stimulatory effect of jellyfish collagen was examined in an ITES-ERDF medium with or without the same A, Cation exchange chromatography of the jellyfish extract. The jellyfish extract was applied to a Mono S HR 5/5 column, and eluted with a linear gradient of NaCl in 10 mM NaPB. The IgM production-stimulating activity of each fraction was assayed by using HB4C5 cells. B, Specific activity of the active fractions obtained from the Mono S HR 5/5 column chromatography. C, SDS-PAGE analysis of the active fractions. The gel was stained by Flamingo fluorescent gel stain dye (Bio-Rad, USA), and visualized by a transilluminator.
concentration of cycloheximide. HB4C5 cells inoculated into the cycloheximide-absent medium produced much more IgM than that in the cycloheximide-containing medium (Fig. 5) . This means that cycloheximide suppressed the translation activity of HB4C5 cells. The stimulatory activity of this collagen toward the control HB4C5 cells was 10.6-fold more and that toward the cycloheximide-treated cells was 2.4-fold more. This result indicates that the effect of this collagen on the cycloheximide-treated HB5C5 cells was obviously reduced. These results suggest that, in addition to transcription activity, jellyfish collagen stimulated translation activity, particularly at the stage of peptide-chain elongation.
Stimulatory effect of jellyfish collagen on HB4C5 cells suppressed the post-translation activity
Monensin was used to suppress the post-translation activity of HB4C5 cells. Incubating the cells in a culture with monensin leads to a blockage of protein transport to the Golgi complex and an accumulation of proteins in the endoplasmic reticulum. 15) After pre-culturing with 10.0 mM monensin, HB4C5 cells were cultured in an ITES-ERDF medium supplemented or not with 10.0 mM monensin and 100 mg/ml of the collagen extract for 36 h. As shown in Fig. 6 , by examining the amount of IgM produced in the culture medium, it was found that the stimulatory effect of collagen on HB4C5 cells was reduced by the suppression of post-translation activity. However, the intracellular amount of IgM in HB4C5 treated with monensin was found to be obviously HB4C5 cells were pre-cultured for 2 h in an ITES-ERDF medium supplemented with 4.0 mg/ml of Act D to suppress transcription activity. After pre-culturing, the cells were washed and cultured for 12 h in an ITES-ERDF medium with ( ) or without ( ) 100 mg/ml of the jellyfish collagen extract at 5 Â 10 4 cells/ml. The amount of IgM in the medium was measured by ELISA. Each result is expressed as the mean AE SD (n ¼ 3). HB4C5 cells were pre-cultured for 6 h in an ITES-ERDF medium supplemented with 4.0 mM NaF to suppress the translation activity. After pre-culturing, the cells were inoculated at 5 Â 10 4 cells/ml in ITES-ERDF medium with ( ) or without ( ) 100 mg/ml of the jellyfish collagen extract, and cultured for 12 h. The amount of IgM in the medium was measured by ELISA. Each data value is expressed as the mean AE SD (n ¼ 3).
increased by the collagen treatment (Fig. 7) . This indicates that IgM synthesis in the monensin-treated HB4C5 cells was accelerated by collagen, even though IgM secretion was suppressed by monensin.
Discussion
Jellyfish collagen was partially purified by cationexchange chromatography. The active fraction contained collagen at 88% purity, the specific activity being higher than that of the crude extract. As indicated in Fig. 1C , the active fraction obtained by cation-exchange chromatography contained degraded collagen molecules whose molecular weights were between 15 and 30 kDa. This result conflicts with the fact that the active substance in the jellyfish extract could be concentrated by ultrafiltration through a 100-kDa cut-off membrane. It is expected from these results that collagen molecules may be degraded and denatured during heat treatment at 121 C, and that the degraded collagen molecules in the jellyfish extract solution may form complexes at a high concentration. In addition, as shown in Fig. 1A , the chromatogram monitored by OD at 280 nm suggests that approximately 50% of the crude extract was collagen.
However, the amino acid composition of collagen is so unique that the collagen concentration cannot be estimated by UV absorption. Hence, the actual collagen content in the crude extract may have been higher than that estimated by the chromatogram.
We have previously reported that the immunostimulating effect of the jellyfish extract was inactivated by a collagenase treatment of the extract. 5) In addition to these results, bovine Achilles' tendon collagen stimulated the IgM production of HB4C5 cells. These facts strongly suggest that the active substance in the jellyfish extract was collagen. This indicates that, irrespective of its origin, collagen exerted an immunostimulatory effect. Hence, it is possible that this immunostimulatory effect is a feature common to collagen molecules. However, the IgM production-stimulating activity of jellyfish collagen was 6-fold higher than that of bovine Achilles' tendon collagen, indicating that the jellyfish collagen may have been more effective than the bovine Achilles' tendon collagen. This difference in activity may come from molecular size of the collagen molecule or its amino acid composition.
Collagen is a well-characterized protein. Collagen comprises a group of fibrous proteins of very high tensile strength that form the main component of connective tissues in animals. Type 2 collagen is widely used to induce arthritis in the mouse as a model of rheumatoid arthritis. 18, 19) In this mouse model, collagen may induce immunological effects leading to autoimmune and inflammatory responses. 20) Moreover, collagen is an important platelet agonist that is thought to be involved in the early stages of platelet activation during both hemostasis and thrombosis. 21, 22) Platelets interact with collagen through specific platelet receptors, most probably the integrin glycoprotein, GPIa/IIa. 23) The stimulatory effects of collagen on the immune response have not previously been reported. We have already reported the immunostimulatory effect of jellyfish collagen which enhanced the IgM production by human hybridoma HB4C5 cells by 34-fold. IgM and IgG production by human PBL were also accelerated by 2.8-and 1.4-fold, respectively. Moreover, the production of IFN-and TNF-by human PBL was stimulated by 100-and 17-fold, respectively. It is presumed from these results that jellyfish collagen had a strong effect on the immune system, although the reasons for such a stronger effect than collagen from the bovine species have not been uncovered. The molecular structure of collagen is similar among species. In addition, it is expected from the high stimulatory effect of collagen on IFN-production that collagen affects the T helper (Th) 1/Th2 balance and reduces the allergic response. We are now examining the effects of jellyfish collagen on the immune system of mice from an oral administration.
We propose in this report the putative mode of action of collagen as an immunostimulaory factor. Collagen from the jellyfish stimulates the transcription of IgM mRNA in human hybridoma cells and of mRNAs of several cytokines in hPBL. However, the level of stimulation of the transcription activity was not enough to explain the high protein productivity of these cells.
Indeed, the IgM production of transcription-suppressed HB4C5 cells was facilitated by collagen. These findings suggest that jellyfish collagen stimulates not only the transcription but also the translation activity. This collagen did not accelerate IgM production by HB4C5 cells that had been treated with cycloheximide, but it did stimulate IgM production under the NaF-supplemented condition. This result suggests that collagen activated the translation activity at the beginning of the translation process at which NaF inhibited by counteraction against NaF. It is presumed from these results that collagen stimulated the translation activity in the cells. After binding jellyfish collagen to the cell surface receptor, a signal transmitted into the cells may induce other signaling events and stimulate protein synthesis. Another possibility, since the active substance in the jellyfish extract was partially degraded collagen, is that the fragmented collagen molecules may be taken by cells and directly act as a stimulator. The precise mechanism for the effect of jellyfish collagen on transcription and translation is not completely clear. The detailed effect of this collagen on translation is now under investigation both in vitro and in vivo.
